In this work, we use the variational spin-density functional method for theoretical description conditions of the formation of stable films and calculation of interface energy and spatial distribution of relative magnetization at activated adsorption of Fe film on the W and Au substrates with taking into consideration the interface roughness. We include into consideration the thermal effects of transition metal atoms intermixing inside film and their substitution with atoms of substrate surficial layer.
Introduction
Studies of thin magnetic films led to the discovery of a number of remarkable phenomena, including GMR and TMR effects, which enabled such systems to be utilized in microelectronics and computer components industry [1, 2] . So investigations focused on determination of the conditions for realizing practically useful properties of magnetic films, which determine their application, are of great importance.
In this work, we investigated for Fe/W(110) and Fe/Au(111) systems the behaviour of full interface energy by spin density functional theory (SDFT) with taking into account temperature effects and inhomogeneous spatial distribution of relative magnetization in surficial region. Influence of interface roughness and effects of intermixing between adatoms and substrate atoms is also taken into consideration.
Model and approach description
Configuration of our system is presented in Fig. 1(a) . In accordance with SDFT total interfacial energy of the system σ(D) is functional of n ± (z) = n(z) ( 
where m2 = m(T )p ′ (Θ) and m3 = m(T )p(Θ) are characteristic magnetizations in mixing area of substrate and in film respectively. The values of the variational parameters β,p, p ′ are obtained from the requirement of the minimum σ. For description of temperature dependence for the relative magnetization m(T ) we used the relation characteristic for the two-dimensional Ising model (for the Fe/W system):
and the relation characteristic for the 2D XY-model (for the Fe/Au system):
where Tc = T More detailed theoretical description is presented in [3] .
Conditions of the formation of stable films
Analysis of the dependencies of the interface energy σ on D shows that there are two "bounding" coverage parameters: θmin(T ) and θmax(T ). When θ < θmin interface energy does not have a minimum at D > 0, while at θ > θmax minimum of interface energy has a negative value. This may apparently mean that when θ < θmin interface roughness is negligible and, therefore, system has an ability to show a strong intermixing between substrate and adsorbate, while at θ > θmax an opportunity for an island adsorption emerges, and, therefore, the stable films are realized at θmin(T ) < θ < θmax(T ) only.
Calculated values of θmin and θmax are presented in Fig. 1(b) . It can be seen that for both systems decreasing of the temperature shifts mentioned intervals toward lower coverage values. For T 400 K, the Fe/Au(111) system has a wider interval of stable films compared to the Fe/W(110) system, and conversely for T > 400 K.
Equilibrium interface roughness parameter
Further, we present our results of calculating equilibrium interface roughness parameter D0, at which interface energy σ reaches its minimum. In cases where the minimum was not detected, D0 = 0 was assumed. Dependence of D0 on coverage θ is presented in Fig. 2 . 
The spatial distribution of magnetization
In Fig. 3 we present our results of calculation the spatial distribution of magnetization for T = 100, 300 K, θ = 0.6, 1.0.
For Fe/W(110) system it can be seen that in some cases taking interface roughness into consideration increases the maximum value of magnetization in film, thus improving its magnetic properties. In other cases changes in the maximum value of the magnetization in connection with the account of the interface roughness do not occur. Unlike the first system, taking interface roughness into consideration for Fe/Au(111) system led to a minor decrease of maximum value of magnetization, and only in the case T = 300 K, θ = 0.6, when maximum value of magnetization was shifted to surficial area of substrate, it has been increased.
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